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Chapter 33  
ESTIMATION OF NATURAL RESOURCE DAMAGES FOR 23 
FLORIDA CASES USING PHYSICAL FATES AND BIOLOGICAL 
MODELING 
 
Jill Rowe, Deborah French McCay and Nicole Whittier 
Applied Science Associates, Inc. 
Abstract: Oil spill modeling was performed using the “type A” (simplified, with a minimum of field data requirements) 
modeling approach and SIMAP (Spill Impact Model Analysis Package) to assess marine biological injuries 
and natural resource damages (NRD) for 23 spill cases identified by Florida Department of Environmental 
Protection (DEP).    The objectives were to provide (1) an assessment of the pathways and fate of the oil, and 
thus, estimate exposure to the water surface, shoreline and other habitats, water column, and sediments; and 
(2) estimates of injuries to wildlife, aquatic organisms, and habitats that were used to scale compensatory 
restoration.  Compensatory habitat restoration for all quantifiable wildlife, fish and invertebrate injuries was 
scaled using Habitat Equivalency Analysis (HEA) and wetland habitat creation as mitigation.  However, this 
is not a direct method of increasing sea turtle production.  Therefore, scaling was performed to estimate the 
number of hatchlings needed to compensate for the sea turtle injuries.  DEP then successfully submitted 
claims for NRD to the US Coast Guard Oil Pollution Fund.  
Key words: natural resource damage assessment, NRDA, HEA, oil spill 
1. INTRODUCTION 
Florida Department of Environmental Protection (DEP) identified 23 oil spill cases to be analyzed 
for natural resource damages using the “type A” modeling approach.  The 23 cases included mystery 
spills and other spills with uncompensated damages for which DEP was to submit claims to the US 
Coast Guard Oil Spill Liability Trust Fund.  
Oil spill modeling was performed using the type A approach, which is a simplified procedure 
under the Comprehensive Environmental Response, Compensation and Liability Act of 1980 
(CERCLA) for assessing injuries and damages, requiring a minimum of field work.  It is designed for 
small spills, where it is not cost-effective for Trustees to perform extensive sampling in the field to 
assess injuries.  Applied Science Associates (ASA) developed the type A Natural Resource Damage 
Assessment Model for Coastal and Marine Environments (NRDAM/CME) for the US Department of 
the Interior.  The NRDAM/CME (Version 2.4, April 1996) was published as part of the CERCLA type 
A Natural Resource Damage Assessment (NRDA) Final Rule (Federal Register, May 7, 1996, Vol. 61, 
No. 89, p. 20559-20614).  The technical documentation is French et al (1996a,b,c).    
ASA has continued development of the model system as SIMAP (Spill Impact Model Analysis 
Package).  The updates in SIMAP are summarized as follows: 
 
1. updated and higher resolution habitat and depth mapping, 
2. allows more detailed and time varying current data to be used,  
3. simulation of subsurface releases (only surface releases are modeled in the NRDAM/CME), 
4. updated physical fates algorithms, 
5. higher resolution calculations, 
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6. use of updated oil toxicity data (French McCay, 2002), 
7. potential to use site- and event-specific biological data, 
8. calculation of biomass lost and production foregone for scaling compensatory restoration and 
restoration costs, 
9. Windows 95+, 2000 or NT interface. 
 
Given the updated methods and flexibility of SIMAP, SIMAP was used to evaluate injuries for the 
23 spill cases.  The cases were grouped by region of Florida: southeast (near Miami to Cape 
Canaveral), northeast (near Jacksonville), and southwest (Tampa Bay and surrounding).  The 
specifications of each spill scenario are summarized in Table 1.  Damages were based on restoration 
costs for habitat restoration in compensation for the injuries (using fish and wildlife production per 
unit of habitat restored and habitat equivalency analysis).   
Table 1. Summary of 23 DEP cases and model inputs 
ASA # Location Date and Time Oil Type Volume Release Depth 
SE CASES 
7 Miami River Feb 23, 1999 3:41am Diesel 200 gallons surface 
8 Miami Beach July 16, 1999 5:18 pm Heavy fuel oil 352 gallons* surface 
9 Miami River May 9, 1996 9:00 am Diesel 200 gallons surface 
10 Key Largo - Ft. Pierce April 23,1995 7:00 pm Heavy fuel oil 6,895 gallons* surface 
11 John Lloyd State Park – St Lucie Inlet 
May 5, 1994 
5:30 am Heavy fuel oil 1,821 gallons* surface 
12 John Lloyd State Park – St Lucie Inlet 
Sept.13, 1993 
10:00 pm Heavy fuel oil 241 gallons* surface 
13 Ft. Lauderdale canal Feb. 26, 1999 6:42 pm Diesel 800 gallons* surface 
14 Ft. Lauderdale ICW Feb. 6, 1999 8:00 am Diesel 300 gallons surface 
15 Port Everglades Mar. 20, 1997 10:00 am Lube oil 512 gallons* surface 
16 Lantana, near Pt Everglades 
Nov. 24, 1992 
10:00 am Diesel 200 gallons surface 
NE CASES 
17 Cape Canaveral National Seashore 
Dec. 17, 1992 
7:25 pm Diesel 1,200 gallons surface 
18 Port Canaveral Mar. 19, 1994 6:00 pm Lube oil 437.5 gallons* surface 
19 Port Canaveral Aug. 4, 1995 4:00 am Diesel 1,000 gallons 9.1 – 10.1 m 
20 St. John’s River Nov.  9, 1994 7:30 am Lube oil 350 gallons* surface 
21 St. John’s River Nov. 17, 1994 12:00 pm Lube oil 300 gallons* surface 
22 St. John’s River June 13, 1996 2:00 am Diesel 2,000 gallons* surface 
23 St. John’s River Jan.  9, 1995 6:30 am Diesel 150 gallons surface 
SW CASES 
1_2 Anclote River Mar. 13, 1993 7:00 am Diesel 7,100 gallons 0 - 1 m 
3 Caladesi Island State Park 
Jan. 28, 1996 
2:40 am Diesel 600 gallons* 8.1 - 9.1 m 
4 Holland America Terminal, East Bay 
Sep. 27, 1995 
7:00 pm Heavy fuel oil 5,000 gallons surface 
5 Whitaker bayou, Sarasota Aug.  6, 1995 11:45 pm Diesel 450 gallons* 0 - 1 m 
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ASA # Location Date and Time Oil Type Volume Release Depth 
6 Ft. Myers Beach Dec. 30, 1995 9:00 pm Diesel 460 gallons* surface 
* Spill volume corrected for amount evaporated before the spill size estimate was made based on  observations of oil in the 
water. 
 
In order to analyze each case, several databases were developed with specific mapping and data 
for the location and event: 
 
x Habitat mapping and gridding for model use.   
x Depth data gridded for model use.  
x Current data: tidal and river flow, as applicable to the location.  
x Wind data for the two weeks after the event (hourly wind speed and direction). 
x Biological abundance by species.  For the estuarine and marine locations involved in the 
23 cases, the needed data are available from the NRDAM/CME (French et al, 1996c).     
x A restoration cost database. The habitat, fish, invertebrate, and wildlife injuries were 
translated to equivalent habitat areas needed for compensatory restoration.  A simplified 
trophic level (food chain) model was used, as has been used for restoration scaling in OPA 
NRDA cases such as the North Cape (French et al., 2001).  The compensatory habitats 
were seagrass or wetland (e.g., mangrove), as appropriate to the injuries in that case.  
Restoration costs per area of habitat in Florida were used.  The damage claim was based 
on total compensatory restoration cost. 
2. MATERIALS AND METHODS 
2.1 Model Description 
SIMAP contains physical fate and biological effects models, which estimate exposure and impact 
on each habitat and species (or species group) in the area of the spill.  The physical fate model uses 
wind data, current data, and transport and weathering algorithms to calculate the mass of oil 
components in various environmental compartments (water surface, shoreline, water column, 
atmosphere, sediments, etc.), oil pathway over time (trajectory), surface oil distribution, and 
concentrations of the oil components in water and sediments.  The biological effects model simulates 
movements of organisms, their exposure to oil, acute toxic effects of that exposure, and population-
level impacts of the lost individuals. A hydrodynamic model is used to calculate currents that 
transport oil components and organisms.  A tactical response model allows the user to simulate 
booming, mechanical cleanup, burning, and dispersant usage.  Environmental, geographical, physical-
chemical, and biological databases supply required information to the model for computation of fates 
and effects.  SIMAP has been validated with more than 20 case histories, including the Exxon Valdez 
and other large spills (French McCay, 2003, 2004; French McCay and Rowe, 2004), as well as test 
spills designed to verify the model’s transport algorithms (French et al., 1997). 
SIMAP was derived from the physical fates and biological effects submodels in the Natural 
Resource Damage Assessment Model for Coastal and Marine Environments (NRDAM/CME), which 
were developed for the US Department of the Interior (USDOI) as the basis of Comprehensive 
Environmental Response, Compensation and Liability Act of 1980 (CERCLA) NRDA regulations for 
Type A assessments (French et al., 1996a,b,c). The technical documentation for the model is in 
French McCay (2003, 2004).   
2.2 Natural Resource Damages Based on Habitat Restoration Costs 
Under the US Oil Pollution Act of 1990 NRDA regulations published in January of 1996 by the 
US Department of Commerce (National Oceanic and Atmospheric Administration, NOAA), the 
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approach to NRDA has to use compensatory restoration costs rather than the older approach using 
economic valuation.  In the modeling herein, the scaling of compensatory restoration employs 
methods currently practiced by NOAA and other trustees, i.e., Habitat Equivalency Analysis (HEA).  
The scaling methods were initially developed for use in the North Cape case, as described in French 
McCay and Rowe (2003).   
Restoration should provide equivalent quality fish, invertebrate and wildlife biomass to 
compensate for the lost production (i.e., due to the injury caused by the spill).  Equivalent quality 
implies same or similar species with equivalent ecological role and value for human uses. The 
equivalent production or replacement should be discounted to present-day values to account for the 
interim loss between the time of the injury and the time when restoration provides equivalent 
ecological and human services. 
 Habitat creation or preservation projects have been used to compensate for injuries of wildlife, 
fish and invertebrates.  The concept is that the restored habitat leads to a net gain in wildlife, fish and 
invertebrate production over and above that produced by the location before the restoration.  The size 
of the habitat (acreage) is scaled to just compensate for the injury (interim loss). 
 In the model, the habitat may be seagrass bed, saltmarsh, oyster reef, freshwater or brackish 
wetland, or other structural habitats that provide such ecological services as food, shelter, and nursery 
habitat and are more productive than open bottom habitats.  The injuries are scaled to the new primary 
(plant) or secondary (e.g., benthic) production produced by the created habitat, as the entire food web 
benefits from this production.  A preservation project that would avoid the loss of habitat could also 
be scaled to the production preserved.  The latter method would only be of net gain if the habitat is 
otherwise destined to be destroyed. 
 The approach to scaling the size of the needed project is to use primary production to measure 
the benefits of the restoration.  The total injuries in kg are translated into equivalent plant 
(angiosperm) production as follows.  Plant biomass passes primarily through the detrital food web via 
detritivores consuming the plant material and attached microbial communities. When macrophytes are 
consumed by detritivores, the ecological efficiency is low because of the high percentage of structural 
material produced by the plant, which must be broken down by microorganisms before it can be used 
by the detritivore.  Each species group is assigned a trophic level relative to that of the detritivores.  If 
the species group is at the same trophic level as detritivores, it is assumed 100% equivalent, as the 
resource injured would presumably have the same ecological value in the food web as the detritivores.  
If the injured resource preys on detritivores or that trophic level occupied by the detritivores, the 
ecological efficiency is that for trophic transfer from the prey to the predator. Values for production of 
predator per unit production of prey (i.e., ecological efficiency) are taken from the ecological 
literature, as reviewed by French McCay and Rowe (2003).  
 The equivalent compensatory amount of angiosperm (plant) biomass of the restored resource is 
calculated as kg of injury divided by ecological efficiency.   The ecological efficiency is the product 
of the efficiency of transfer from angiosperm to invertebrate detritivore and efficiency from 
detritivore to the injured resource, accounting for each step up the food chain from detritivore to the 
trophic level of concern.  Table 2 lists the composite ecological efficiency relative to benthic 
invertebrate production for each trophic group in the model. 
Table 2. Composite ecological efficiency relative to benthic invertebrate production by trophic group 
Species Category Trophic Level Ecological Efficiency Relative to Benthic Detritivores (%) 
Fish and invertebrates   
Small pelagic fish planktivorous 20 
Large pelagic fish Piscivores/predators 0.8 
Demersal fish bottom feeders 10 
Mollusks filter/bottom feeder 20 
Benthic invertebrates (non-
molluscan) filter/bottom feeder 20 
Demersal macroinvertebrate 
predators predate bottom feeders 4 
Birds:   
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Species Category Trophic Level Ecological Efficiency Relative to Benthic Detritivores (%) 
Waterfowl bottom feeders 2 
Seabirds piscivores 0.4 
Waders piscivores 0.4 
Shorebirds bottom feeders 2 
Raptors piscivores 0.4 
 
The productivity gained by the created habitat is corrected for less than full functionality during 
recovery using a sigmoidal recovery curve.  Discounting at 3% per year is included for delays in 
production because of development of the habitat, and delays between the time of the injury and when 
the production is realized in the restored habitat.  The equations and assumptions may be found in 
French McCay and Rowe (2003). 
The needed data for the scaling calculations are: 
 
x number of years for development of full function in the restored habitat; 
x annual primary production rate per unit area (P) of restored habitat at full function (which 
may be less than that of natural habitats);  
x delay before restoration project begins; and 
x project lifetime (years the restored habitat will provide services). 
 
In most locations, it is likely that saltmarsh restoration would be undertaken as restoration for 
wildlife, fish and invertebrate injuries.  Seagrass (eelgrass) bed restoration is also an option.  
However, this requires good water quality and appropriate environmental conditions to be successful.  
The calculations of NRDA costs made here are based on (saltmarsh) wetland restoration for the 
northeast and southwest regions, as wetland is the more dominant habitat in those areas.  In the 
southeast region, costs were based on mangrove restoration, as mangrove is the dominant habitat in 
the area. 
HEA calculations for saltmarsh were performed following the methods in French McCay and 
Rowe (2003), as summarized above.  The calculations are based on estimated aboveground primary 
production rates in saltmarshes.  It is assumed that the created saltmarsh requires 15 years to reach 
99% of full function (based on PERL, 1990; Zedler, 1992; Seneca and Broome, 1992; French et al., 
1996a,b,c), ultimately reaching 80% of natural habitat productivity, the restoration begins 3 years 
after the spill, and the project lifetime is 50 years.  For the injured resources, all weights are as wet 
weight and dry weight is assumed 22% of wet weight.  For birds, the body mass per animal (from 
French et al., 1996a,b,c) is used to estimate injury in kg (multiplying by number killed and summing 
each species category).   
The HEA approach assumes that sea turtles would be compensated by wetland creation.  However, 
this is not a direct method of increasing sea turtle production.  As sea turtle populations are thought to 
be limited by the production of hatchlings, a direct method of increasing hatchling survivorship would 
be more reliable and cost-effective compensation.  Thus, scaling was also performed to estimate the 
number of hatchlings needed to compensate for the sea turtle injuries. 
2.3 Model Inputs 
For geographical reference, SIMAP uses a rectilinear grid to designate the location of the 
shoreline, the water depth (bathymetry), and the shore or habitat type. The grid is generated from a 
digital coastline using the ESRI Arc/Info compatible Spatial Analyst program. The cells are then 
coded for depth and habitat type. The digital shoreline, shore type, and habitat mapping were obtained 
from the Florida Environmental Sensitivity Index (ESI) Atlas database compiled for the state of 
Florida by Research Planning, Inc. (RPI).   
The model uses hourly wind speed and direction for the time of the spill and simulation. In some 
cases, wind data for the time of the spill were available in the DEP case file.  For others, standard 
meteorological data were acquired from the National Data Buoy Center Internet site for the nearest 
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NDBC buoy or from a nearby airport.  Hourly mean wind speed and direction for the two weeks 
following the spill were compiled in the SIMAP model input file format.   
Surface water temperature during the spill was provided by Florida DEP case reports.  Salinity was 
assumed to be the mean value for the location of the spill site, based on data compiled in French et al. 
(1996b).  Suspended sediment was assumed 10mg/l, a typical value for coastal waters (Kullenberg, 
1982).  The sedimentation rate was set at 1 m/day.  The horizontal diffusion (randomized mixing) 
coefficient was assumed as 1 m2/sec, and the vertical diffusion (randomized mixing) coefficient was 
assumed 0.0001 m2/sec.  These are reasonable values for coastal waters based on empirical data 
(Okubo and Ozmidov, 1970; Okubo, 1971) and modeling experience.   
Currents have significant influence on the trajectory, and are critical data inputs.  Tidal and wind-
driven currents were included in the modeling analysis.  Current data were either entered based on 
observational data of typical velocities or generated using ASA’s boundary fitted coordinate 
hydrodynamic model (BFHYDRO). The governing equations and validation for BFHYDRO are 
described in detail in Muin and Spaulding (1997a, b) and Spaulding et al. (1999). 
Physical and chemical data on the oils were taken from the NRDAM/CME database (French et al., 
1996b), except for the PAH concentrations, which were based on data in French McCay (2001), the 
MAH concentrations, which were from Jokuty et al. (1996) or Wang et al. (1995), and the volatile 
aliphatic concentrations, which were calculated from boiling curves (in Whiticar et al., 1992; Jokuty 
et al. 1996), subtracting the volatile aromatics. 
The NRDAM/CME (French et al., 1996c) contains mean seasonal or monthly abundances for 77 
biological provinces in US coastal and marine waters. The biological data for wildlife, fish, 
invertebrates and lower trophic levels in the province where each of the 23 spills occurred was used 
for the SIMAP simulations of the spills. For all cases involving the outer coast, these data were also 
updated for sea turtles.   
Sea turtle abundance was based on the methodology and assumptions outlined in a report on the 
August 2000 Florida Mystery Spill (French McCay et al., 2001).  For adults, the sea turtle abundance 
data in French et al. (1996c) were assumed.  French et al. (1996c) did not include abundance data for 
juveniles or hatchlings.  Thus, estimates were developed based on strandings and nesting density on 
shore.  For cases in the southeast region involving the outer coast, hatchling abundances were 
estimated based on nest density per km of shoreline.  In the southeast region, in addition to hatchling 
abundance in the water, eggs and hatchlings would be impacted on oiled beaches where nests are 
present.  Numbers of nests per length of beach were estimated from nest count data during the time 
around each spill date.  Sea turtle nesting occurs primarily on the outer coast beaches.  Thus, nest 
abundance on beaches was only estimated for those cases oiling the outer coast. 
3. RESULTS 
The injuries for the 23 DEP cases are summarized in Table 3.   
Table 3. Summary of injuries for the 23 cases.  Sea turtle injuries are totals for in water and on beaches. 
Region ASA # Wetlands and Mudflats Oiled (m2) Birds Killed  (#) 
Sea Turtles 
Killed  (#) 
Biomass of Fish and 
Invertebrates Lost (kg) 
SE 7 0 0.11 0 0 
SE 8 0 0.91 527 0 
SE 9 0 0.62 0 0 
SE 10 259 14.6 1,440 0 
SE 11 259 81 4,262 0 
SE 12 775 1.7 951 0 
SE 13 0 0.63 0 0 
SE 14 0 0.15 0 0 
SE 15 0 1.15 0.4 0 
SE 16 0 0.05 0 0 
SE Regional total 1,293 101 7,180 
NE 17 0 0 0 277 
Proceedings of the Annual International Conference on Soils, Sediments, Water and Energy, Vol. 12 [2007], Art. 34
https://scholarworks.umass.edu/soilsproceedings/vol12/iss1/34
Estimation of Natural Resource Damages for 23 Florida Cases Using Physical Fates and… 341
 
Region ASA # Wetlands and Mudflats Oiled (m2) Birds Killed  (#) 
Sea Turtles 
Killed  (#) 
Biomass of Fish and 
Invertebrates Lost (kg) 
NE 18 0 32.82 0 0 
NE 19 0 0.18 0 40.1 
NE 20 0 0.56 0 0 
NE 21 28 0 0 0 
NE 22 157 2.2 0 0 
NE 23 65 0.04 0 0 
NE Regional total 250 36 0 
SW 1_2 301,602 109 0 12,793 
SW 3 0 0.55 0 39.02 
SW 4 170,473 75 0 5.83 
SW 5 0 125.59 0 1,036 
SW 6 147 18.1 0 0 
SW Regional total 472,222 328 0 
 
There were four cases in the southeast region that were mystery spills, presumably occurring 
offshore and where oil came ashore on the ocean-facing beaches.  These releases were likely 
discharged from ships traveling in or just west of the western portion of the Gulf Stream.  The oil is 
simulated as sweeping an area between the Gulf Steam and the shore, where the oil accumulated on 
the beaches.  The other southeast cases were spills in the Intercoastal Waterway and associated canals.  
These were small spills, where only small areas of the water surface were oiled. 
For cases in the southeast region, bird injuries range from less than 1 bird (a probability) to 81 
birds.  There were sea turtle injuries estimated for the four mystery spill cases on the outer coast, 
ranging from 527 to 4,262 turtles oiled.  The turtle injuries were almost entirely for hatchlings.  No 
injuries to marine mammals (cetaceans or manatees) were predicted by the model or observed.  Fish 
and invertebrate injuries were negligible (zero) in all the southeast cases.  This is because of the small 
volumes and/or large dilution volumes (offshore cases), as well as fast weathering in the heat of 
Florida. 
In the northeast region, only one spill case examined was on the outer coast (a ship wreck on the 
beach in heavy surf), and it occurred in winter when sea turtles would not be present.  Most of the 
spills were relatively contained in ports or were of small volume.  Thus, the extent of surface oiling 
was limited in most cases.  Subsurface contamination was dispersed rapidly such that impacts to water 
column organisms were limited. 
For cases in the northeast region, bird injuries range from less than 1 bird (a probability) to 15 
birds.  No injuries to sea turtle or marine mammals (cetaceans or manatees) were predicted by the 
model or observed.  Fish and invertebrate injuries were negligible (zero) for all but 2 cases in the 
northeast.  Again, this is because of the small volumes and/or large dilution volumes (offshore cases), 
as well as fast weathering in Florida. 
In the southwest region, one spill case was on the outer coast (a ship wreck in a storm) and the rest 
were in bays and coastal inlets.  The ship wreck resulted in only small impacts to birds, fish and 
invertebrates.  The two cases in the Anclote River resulted in significant oiling of the entire lower 
river, thus incurring significant impacts on wetlands, birds, fish and invertebrates.  A spill in Sarasota 
Bay also impacted birds, fish and invertebrates to a significant extent. For the other cases, the oiling 
and impacts were more localized.  No injuries to sea turtles or marine mammals (cetaceans or 
manatees) were predicted by the model or observed.   
The injuries (Table 3) may be compensated by various restoration options, three of which were 
scaled: 
 
x The acute mortality injuries to birds, sea turtles, fish and invertebrates may be restored by 
wetland restoration (Table 4).  For the northeast and southwest regions, saltmarsh is the 
dominant wetland in the areas impacted, and the scaling is based on this wetland type.  In 
the southeast, mangrove habitat is dominant, but often saltmarsh is restored as a first step, 
and the mangroves naturally colonize after the wetland is created.  Thus, the areas required 
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are scaled as areas of mangrove habitat, the ultimate habitat, but likely saltmarsh plants 
would be planted over those areas. 
x Sea turtle acute mortality is more directly and reliably restored by a direct restoration 
project for hatchling turtles (Table 5, showing injury as equivalent number of hatchlings), 
in which case their compensation would be subtracted from the total wetland 
compensation in Table 4. 
x Injury to fauna in intertidal wetlands and mudflats, compensated by saltmarsh restoration 
in the northeast and southwest regions, and mangrove (likely via saltmarsh planting) 
restoration in the southeast (Table 6).  These are in addition to the bird, sea turtle, fish and 
invertebrate mortality injuries compensated by the wetland restoration in Table 4. 
Table 4. Summary of compensatory restoration requirements for acute mortality to birds, sea turtles, fish and invertebrates in 
the 23 cases if wetland (mangrove for SE, and saltmarsh for NE and SW) is created 
Region ASA # Birds (m2) Sea Turtles (m2) Fish and Invertebrates (m2) Total (m
2) 
SE 7 13 0 0 13 
SE 8 186 6 0 192 
SE 9 92 0 0 92 
SE 10 751 19 0 770 
SE 11 4,257 72 0 4,329 
SE 12 372 14 0 386 
SE 13 11 0 0 11 
SE 14 8 0 0 8 
SE 15 82 0 0 82 
SE 16 8 0 0 8 
SE Regional total 5,779 110 0 5,890 
NE 17 0 0 316 316 
NE 18 410 0 0 410 
NE 19 4 0 27 31 
NE 20 12 0 0 12 
NE 21 0 0 0 0 
NE 22 45 0 0 45 
NE 23 0.3 0 0 0.3 
NE Regional total 473 0 342 815 
SW 1_2 2,686 0 5,007 7,694 
SW 3 3 0 14 17 
SW 4 1,935 0 2 1,937 
SW 5 2,994 0 385 3,383 
SW 6 429 0 0 429 
SW Regional total 8,048 0 5,408 13,460 
Table 5. Summary of sea turtle compensatory restoration requirements (as equivalent number of hatchlings) for injuries to 
each life stage in both water and on beaches 
Region ASA # Hatchlings (#) Juveniles (#) Adults (#) Total Equiv. # of Hatchlings 
SE 7 0.0 0.0 0.0 0.0 
SE 8 527 5.9 84.7 618 
SE 9 0.0 0.0 0.0 0.0 
SE 10 1,440 17.6 198 1,655 
SE 11 4,262 94.5 1,130 5,486 
SE 12 951 13.9 169 1,134 
SE 13 0.0 0.0 0.0 0.0 
SE 14 0.0 0.0 0.0 0.0 
SE 15 0.4 0.0 0.0 0.4 
SE 16 0.0 0.0 0.0 0.0 
SE Regional total 7,180 132 1,582 8,894 
NE 17 0.0 0.0 0.0 0.0 
NE 18 0.0 0.0 0.0 0.0 
NE 19 0.0 0.0 0.0 0.0 
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Region ASA # Hatchlings (#) Juveniles (#) Adults (#) Total Equiv. # of Hatchlings 
NE 20 0.0 0.0 0.0 0.0 
NE 21 0.0 0.0 0.0 0.0 
NE 22 0.0 0.0 0.0 0.0 
NE 23 0.0 0.0 0.0 0.0 
NE Regional total 0 0 0 0 
SW 1_2 0.0 0.0 0.0 0.0 
SW 3 0.0 0.0 0.0 0.0 
SW 4 0.0 0.0 0.0 0.0 
SW 5 0.0 0.0 0.0 0.0 
SW 6 0.0 0.0 0.0 0.0 
SW Regional total 0 0 0 0 
 
Table 6. Wetland compensatory restoration requirements for faunal injuries in intertidal wetlands and mudflats (mangrove 
for SE, and saltmarsh for NE and SW).  
Region ASA # Wetland and Mudflat Injury (m2-years) 
Compensatory Wetland Area  
(m2) 
SE 7 - - 
SE 8 - - 
SE 9 - - 
SE 10 259 19 
SE 11   
SE 12 259 20 
SE 13 775 61 
SE 14 - - 
SE 15 - - 
SE 16 - - 
SE Regional total 1,293 100 
NE 17 0 - 
NE 18 0 - 
NE 19 0 - 
NE 20 0 - 
NE 21 28 4 
NE 22 157 23 
NE 23 65 10 
NE Regional total 250 37 
SW 1_2 301,602 47,823 
SW 3 0 - 
SW 4 170,473 25,479 
SW 5 0 - 
SW 6 147 22.0 
SW Regional total 472,222 73,324 
 
4. DISCUSSION AND CONCLUSIONS 
The accuracy of the biological injury assessment depends primarily on the accuracy of (1) the fates 
model results, (2) the assumed toxicity values for fish and invertebrates, and (3) the biological 
abundance data input to the model. With more accurate current data, the fates model and percent 
mortality results would be more accurate, but the percent losses would change by less than an order of 
magnitude.  The fish and invertebrate injury was quantified using toxicity assumptions for species of 
average sensitivity.  While species and life stages vary considerably in their sensitivity to aromatics in 
oil, the exposures in the water column were so low in the southeast cases examined that injuries 
would not be expected for any species.  The wildlife (bird and turtle) losses are directly proportional 
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to the pre-spill abundance assumed in the model inputs. Thus, a change (or uncertainty) in abundance 
is directly translated to a proportional change (uncertainty) in the quantified injury. 
 The goal of DEP for this project was to compile claims for 23 of their spills with uncompensated 
damages to be submitted to the US Coast Guard Oil Spill Liability Trust Fund (OSLTF).  The uses of 
this fund, as delineated by the Oil Pollution Act (OPA), include: 1) removal costs incurred by the 
Coast Guard and EPA; 2) state access for removal activities; 3) payments to federal, state, and Indian 
tribe trustees to conduct natural damage assessments and restorations; 4) payment of claims for 
uncompensated removal costs and damages; 5) research and developments; and 6) other specific 
appropriations (USCG, 2006).  Following this analysis, DEP submitted claims for each of the 23 cases 
analyzed, and all of them were funded.  The injuries for all of the claims were pooled into three 
regional restoration projects.  All three of these restoration projects were then also approved. 
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